ABSTRACT. Reaction between 2-pyridinecarboxylic acid (Hpic) and K3[Cr(O2)4] give complex [Cr(pic)3].H2O (1) which is characterized by elemental analysis and spectroscopic methods (FT-IR, Raman) and X-ray crystallography. In the crystal structure of 1, chromium atom with coordinated by three nitrogen and three oxygen atoms has a distorted octahedral geometry. Also a water molecule is incorporated in crystal network. Each water molecule acts as hydrogen bond bridging and connects two adjacent complexes by two O-H···O hydrogen bonds.
INTRODUCTION
Pyridine derivatives are important intermediates widely used in the synthesis of drugs 1 and pesticides. 2 The structures and chemical properties of metal complexes of some pyridine carboxylates have been widely investigated.
3 Some chromium complexes of the pyridine carboxylates have been known as potential bioavailable sources of chromium (III) as a model of glucose tolerance factor (GTF).
3a,b
We are interesting in design and synthesis of complexes with pyridine derivatives and also N,O-donor ligands. And in the past few years, we have published a series of paper in this field. 4 In this paper preparation of the chromium(III) complex, [Cr(pic) 3 ].H 2 O (1), with 2-pyridinecarboxylic acid (Hpic, Scheme 1) is presented and spectroscopic characteristics (IR, Raman) and crystal structure of this complex are determined.
Study of the CSD structures by ConQuest revealed that the chromium atom has very different coordination numbers including two, 5 16 In this paper we endeavored to introduce coordination aspect of the Hpic with chromium atom.
EXPERIMENTAL
All starting chemicals and solvents were reagent or analytical grade and used as received. The infrared spectrum of a KBr pellet in the range 4000-400 cm -1 was recorded with a FT-IR 8400-Shimadzu spectrometer. The carbon, hydrogen and nitrogen contents were determined in a Thermo Finnigan Flash Elemental Analyzer 1112 EA. The Raman spectrum was performed using a Nicolet Model 910 Fourier-transform spectrometer. The melting point was determined with a Barnsted Electrothermal 9200 electrically heated apparatus. Scheme 1. Chemical structure of the 2-pyridinecarboxylic acid (Hpic).
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Crystal Structure Determination and Refinement The data collection for 1 was carried out by Bruker APEX-II CCD diffractometer, using graphite-monochromated MoKα (λ = 0.71073Å) radiation at 296 K. The data were integrated with SAINT and corrected for Lorentz polarization and absorption performed using SADABS.
17
The structure was solved by Patterson methods, implemented in SHELXS-97. 18 Refinement by full-matrix least squares methods based on F 2 values against all reflections has been performed by SHELXL-97, 18 including anisotropic displacement parameters for all non-H atoms. The position of hydrogen atoms belonging to the carbon atoms Csp 2 were geometrically optimized applying the riding model [Csp
2
-H, 0.93Å; U iso (H) = 1.2U eq (C)]. Calculations concerning the molecular geometry, the verification of space group, the analysis of hydrogen bonds were performed with PLATON. 
RESULTS AND DISCUSSION

Synthesis and Spectroscopic Characterization
Reaction of Hpic with a water solution of K 3 [Cr(O 2 ) 4 ] in a molar ratio of 1:3 (M:L) give complex 1 (Scheme 2). The complex was air-stable and soluble in H 2 O. Similar structure has been reported previously, 20 but they used of different precursor, Cr(NO 3 ) 3 .9H 2 O, under pH condition. The crystallography of 1 has been well done in low temperature than the previously report. Also meanwhile, this paper is presented new redox reaction which is interesting in coordination chemistry.
Suggested reaction equation is presented in Scheme 2. During the reaction, peroxide ligands are replaced by three pic and Cr(V) is reduced to Cr(III) by peroxide anions (Scheme 3). After reduction, buabbles of oxygen molecules are removed from the solution. Other peroxide onions which are not involved in reduction process are neutralized by H + ions from Hpic and
In the IR spectrum of Hpic, 21 there is a bands at 1722 cm -1 which were assigned to the vibrations of the ν (C=O).
This band is shifted 42 cm -1 to lower energy in 1 indicating deprotonation of carboxylic acid group and coordination through the oxygen atom.
The presence of a water molecule in 1 affects the IR and Raman spectra in three regions including 3525 and 3315 cm -1 for asymmetric and symmetric OH stretches, 1680 cm -1 for H 2 O bending and 250-700 cm -1 for "librational modes". These modes are due to rotational oscillations of the water molecules restricted by interactions with neighboring atoms and they are classified into three types (wagging (ρ w ), twisting (ρ t ) and rocking (ρ r )) depending upon the direction of the principal axis of rotation. 22 The ring wagging vibrations of the pyridine groups were also observed at 694 and 764 cm -1 . Information about the low frequency of metal-ligand vibrations can be obtained by Raman spectroscopy. 23 In the Raman spectra of 1, the bands at 616 and 471 cm -1 were assigned to Cr-O and Cr-N stretching vibrations respectively. Similar results were reported previously.
24
The X-ray analysis confirms the higher stretching vibrations of Cr-O bond respect to the Cr-N.
Description of the Crystal Structure
The crystal structure of [Cr(pic) 3 ].H 2 O (1) has been determined by single-crystal X-ray diffraction analysis. Diagrams of the molecular structure and unit cell were created using Ortep-III 25 and Diamond Mercury. 26 Crystallographic data and details of the data collection and structure refinement are listed in Table 1 . Selected bond lengths and angles for complex are listed in Table 2 and hydrogen bond distances, d(H···A), and angles are presented in Table 3 .
In the crystal structure of 1 (Fig. 1) , the chromium atom is coordinated by three nitrogen and three oxygen atoms of Hpic in distorted octahedral geometry (Fig. 2) . Also a water molecule is presence present in this structure and trapped by hydrogen bonds. There are three five-membered chelate rings around the chromium atom which are almost planar (rms deviation 0.080 Å for O1). The Cr-N and Cr-O bond distances in 1 are comparable with the analogous ones reported in the literature for complexes which contain dipicolinate coordinated to chromium(III) ion in an O,N,O'-tridentate fashion.
27
In the network of 1, each water molecule acts as hydro- gen bond bridge and connects two adjacent complexes (Fig. 3 ). The O7 atom of H 2 O molecule participates in hydrogen bonding as a proton donor and connects O5 atom of one complex to O2 atom in other complex by strong hydrogen bonds (strong hydrogen bonds range in literature is 1.5-2.2 Å
28
). (2) 0.929 2.340 142. 
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CONCLUSION
In this paper, the preparation of a chromium complex [Cr(pic) 3 ].H 2 O is presented and its spectral (IR, Raman) and structural properties is described. The crystal structure determination of 1 revealed that this crystal it is assembled from a chromium complex and a water molecule. The geometry around the chromium atom is distorted octahedral with CrN 3 O 3 environment. In the crystal of 1, hydrogen bonds give raise to a supramolecular network.
